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1. Title of Invention 
Polyester fibers 

2. Claims of the Patent 

(1) Polyester fibers which is characterized by consisting 
of polyester having ethylene naphthalene -2,6 - dicarboxyl- 
ate as the main repeating unit, limiting viscosity of at 
least 0.5, strength of over 6.5 g/de, dry heat shrinkage at 
180 deg C of less than 3 % and crystal melting point of over 
280 deg C. 

(2) Polyester fiber described in Claim 1 in which the 
birefringence is 0.25 - 0.32, 

3. Detailed Description of the Invention 

(Field of Application in Industry) 

This invention is related to polyester fiber which is 
useful as tire cord, etc. 

(Existing Technology) 

Poly ethylene terephthalate (hereinafter, this is abbre- 
viated as PET) fiber has various excellent properties and so 
it is used widely not only for apparel but also for indust- 
rial applications. In particular, the PET fiber having high 
strength as well as good dimensional stability is useful 
also for industrial applications ; it is used not only in 
tire applications but also as industrial materials. However, 
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recently, more and more higher performance is being demand- 
ed. For example in the tire cord application, lower shrink- 
age for improvement of yield at the tire molding, higher 
modulus for improvement of ride and improvement for fatigue 
resistance in the application for larger size tire are in 
demand. On the other hand, as the cord for V belt, higher 
modulus is needed for maintenance-free use and larger elong- 
ation and fatigue resistance are required as the cord for 
large size, high load, wrapped belts. 

From such a view point, if one can obtain polyester cord 
as the PET fiber which has one step improved excellent lower 
shrinkage, higher modulus and fatigue resistance, the field 
of application of PET fiber would increase further because 
of its superiority in the power of cost competition with 
other materials. In particular, the PET fiber has inferior 
modulus and shrinkage property in comparison to rayon fiber 
and vinylon fiber which have old history. Furthermore, in 
comparison to the polyamide fiber which has an old history 
and wide utility, it has very inferior fatigue resistance 
and so improvement on these is important. 

Particularly in Europe, rayon fiber is still used often 
inr tire cord application where PET fiber is almost not 
used. The reason is that the rayon fiber has very low " 
shrinkage and so the slow cooling process (so called post 
cure inflation) after the vulcanization of tire is not 
necessary. In contrast to this, when PET fiber is used, this 
slow cooling process is necessary and this process requires 
a very large facility investment and thus there is great 
resistance to the new installation of this process. Further- 
more, the rayon fiber has a very high modulus and, because 
of this, the tire which uses the rayon fiber cord gives very 
good ride at high speed. 

However, the rayon fibers have very important shortcom- 
ings. In other words, it undergoes a large chemical degrada- 
tion in the presence of moisture and so there is a great de- 
gradation caused by the vulcannization ; also, because of 
the water which penetrates in through the cut or crack of 
tire and the wet heat degradation by the heat generation 
during runnig, there is the shortcoming of bringing fatal 
strength reduction. 

Consequently, there is the strong desire for the appear- 
ance of tire cord fiber which does not have the above men- 
tioned shortcomings of the rayon fiber and also has the low 
shrinkage and high modulus comparable to that of rayon 
fiber. 
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From the past, on the PET fiber and nylon fiber, various 
methods of improvement were proposed but they have not been 
resolved yet. 

(The Problem Which the Invention Intends to Solve) 

The present inventors focused their attention on the poly 
ethylene naphthalene -2,6 - dicarboxylate (hereinafter, this 
is abbreviated as PEN) which has high rigidity of molecular 
chains and tried making tire cord fiber of this. With the 
rigidity of its molecular chain, PEN has a high melt visco- 
sity and Its fiber has high intrinsic birefringence ; the 
secnod order transition point is high and so drawing to a 
high degree is difficult. Therefore, melting was done at 
high temperature and melt spinning was conducted by using a 
heated spinning cylinder at special temperature conditions 
and then multiple stage drawing at high temperature was 
conducted and yarn making was conducted successfully (Kokai 
JP No. 77116 - 1973). The PEN fiber which is obtained in 
this way has a high modulus compared to PET fiber and 
exhibits lower shrinkage and superior heat resistant 
strength in rubber. Still, it could not reach the low 
shrinkage comparable to that of rayon. 

More of extensive investigation was conducted and, as the 
result. It was found that the polyester cord of low shrink- 
kage and hiigh modulus comparable to rayon cord and better 
fatigue resistance than that of rayon cord can be obtained 
only by using the fiber of specific fiber structure which is 
obtained by drawing and heat treatment of the crystalline 
PEN undrawn fiber having very high orientation compared to 
that of the past. Thus, this invention was arrived at. 

(Embodiment of the Invention) 

Thus, this invention is related to the polyester fiber 
which IS characterized by consisting of polyester which has 
ethylene naphthalene -2,6- dicarboxylate as the main repeat- 
ing unit, a limiting viscosity of at least 0.5, strength of 
over 6.5 g/de, 180 deg C dry heat shrinkage of less than 3 % 
and crystal melting point of over 280 deg C. 

The polymer which makes up the polyester fiber of this 
invention is a polyester which contains in the molecular 
chain over 90 mol % of the repeating unit of ethylene naph- 
thalene -2,6 - dicarboyxlate, preferably more than 95 mol %. 
As for such polyester, poly ethylene -2,6- dicarboxylate. is 
particularly preferred. 

- 0^1 PEN can be synthesized by bonding naphthalene 

= A \l dicarboxylic acid or its ester-forming derivative 
and ethylene glycol or its ester-forming derivative under 
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the presence of a catalyst under a suitable reaction condi- 
tion. Before the completion of polymerization of this poly 
ethylene 2,6 - naphthalate, one or more of suitable, third 
components are added to synthesize the copolymerized or mix- 
ed polyester. As for the suitable third component, examples 
are the compound having 2 ester-forming functional groups, 
e.g. the aliphatic dicarboxylic acid such as oxalic acid, 
succinic acid, adipic acid, sebacic acid, the alicyclic 
dicarboxylic acid such as cyclo propane dicarboxylic acid, 
cycle butane dicarboxylic acid, hexa hydro tere phthalic 

acic, the aromatic dicarboxylic acid such as ortho phthalic 

acid, isophthalic acid, terephthalic acid, naphthalene -2,7 
- dicarboxylic acid, diphenyl dicarboxylic acid, the carbox- 
ylic acid such as diphenyl ether dicarboxylic acid, diphenyl 
sulfon dicarboxylic acid, diphenoxy ethane dicarboxylic 
acid, sodium 3,5 - dicarboxy benzene sulfonate, the oxy car- 
boxylic acid such as glycolic acid, p-oxy benzoic acid, p- 
oxy ethoxy benzoic acid, the oxy compound such as propylene 
glycol, trimethylene glycol, diethylene glycol, tetra methy- 
lene glucol, hexa methylene gluycol, neopentyl glycol, p- 
xylene glycol, 1,4 - cyclo hexane dimethanol, bisphenol A, 
P,P- diphenoxy sulfon, 1,4 - bis (beta - hydroxy ethoxy) 
benzene, 2,2 - bis (p - beta - hydrroxy ethoxy phenyl) pro- 
pane, poly oxy alkylene glycol, p-phenylene bis (dimethlol 
cyclo hexane), or their ester-forming derivatives, the -com- 
pound of high degree of polymerization derived from the 
other previously mentioned carboxylic acids, oxy carboxylic 
acids, oxy compounds or their ester-forming derivative and 
the compound having one ester-forming functional group, e g 
benzoic acid, benzoyl benzoic acid, benzyl oxy benzoic acid. 
Also, the compound having 3 or more ester-forming functions 
groups, e.g. glycerine, penta erythritol, trimethylon pro- 
pane, can be used in the practically linear range. In the 
said polyester, the delustering agent such as titanium di- 
oxide or the stabilizer such as phosphoric acid, phosphorous 
acid and their ester may be contained also. These polymers 
are obtained by any of the common melt polymerization method 
and solid phase polymerization method. 

The limiting viscosity in this invention is an indicator 
of knowing the molecular weight of the polymer and it is 
calculated from the values measured with ortho chloro phenol 
solution of the polymer at 35 deg C. 

For the polyester fiber of this invention, the limiting 
viscosity needs to be at least 0.5. When the limiting visco- 
sity IS less than 0.50, one can not obtain high strength 
polyester cord. As to its upper limit, there is no need for 
particular restriction ; however, one with a limiting vosco- 
sity of 0.60 - 0.80 is preferred. 
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The polyester fiber of this invention needs to have a 
breaking strength of more than 6.5 g/de in addition to the 
above mentioned specific limiting viscosity. Here, the 
breaking strength is the value obtained by measuring the 
load-elongation curve in accordance with JIS L 1017 - 1963 
(5.4) and dividing the strength at the time of breaking with 
the initial denier and the correction of denier due to the 
elongation is not made. When the breaking strength is less 
than 6.5 g/de, one can not obtian the high strength poly- 
ester cord even if the above said limiting viscosity is 
satisfied and, in addition, one can not obtian polyester 
cord of good fatigue resistance. 

The polyester fiber of this invention needs to have a 180 
deg C dry heat shrinkage of less than 3 % and crystal melt- 
ing point of over 280 deg C which are based on the specific 
fiber structure, in addition to the above mentioned limiting 
viscosity and breaking strength. 

T .5fo^' ^ shrinkage is measured by JIS 

L 1017 - 1963 *5.12). Also, the crystal melting point is 
measured at the temperature rising rate of 20 deg C/min us- 
ing Model DSC-I made by Perkin Elmer Co. and the heat absor- 
ption peak value was taken as the crystal melting point. 

The polyester fiber of this invention can be made the 
polyester cord of high modulus and low shrinkage comparable 
to rayon only by satisfying a 180 deg C dry heat shrinkage 
of less than 3 % and also a crystal melting point of over 
280 deg C simultaneously and it is difficult to achieve the 
objective of this invention if any one of the characterist- 
ic values is lacking. 

For the polyester fiber of this invention, it is particu- 
larly preferred that the birefringence ^ n which indicates 
tne degree of orientation of molecules is 0.25 - 0.32. 

Here, ^n is a parameter which indicates the degree of 
orientation of molecules in the filament. As the dipping li- 
quid, bromo naphthalene was used and the value was determin- 
ed by the retardation method using Berek compensator. (For 
the details, see [Lectures on Polymer Experiments,, Physical 
Properties of Polymers II], Kyoritsu Shuppan). 

The polyester fiber of this invention is obtained by, for 
example, the following method. The polyester polymer having 
ethylene naphthalene -2,6- dicarboxylate as the main compo- 
nent and a limiting viscosity of over 0.60 (preferably 0.6 - 
0.95) or the polymer having a limiting viscosity of over 0 4 
with the polymerization accelerator being reacted on is 
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the coBn,on method and this is ex- 
d^'S^rid^be^r-IS^df ^^r" ^l:^' de„ie?1fier'?ha 

melting point and above the crystallizaMnn fn^?- f 

ed'"lt'?M/f''' ^""^ ^^^^ cooled anS soUdifi- 

th; f^i? • "^^^"1 t° and solidify under 

the following conditions. j-xuxty unaer 

400 ^ (X / Q 1 1900 

X IS the distance from the spinning die face to the 

y^is the length of cooling air blow out zone. 100-500 
Q^is the rate of cooling air blowing out, 2 - 6 Nm3/ 

oil^illn^-^^^ cooling and solidifying as described above the 
above '^'^i"^ is <i°ne 1500 m/Itn or 

sScras ?he oilinS rnn'r 5" common method 

the oil ?L i ^ roller method and spray method. As for 

the fieJd nf'"f°u ^f"""^ ^i^^^^ °an be used 

SbL'r L^^'^g^r^de'd^imp^^? ' 
face treatment agent ?o i.pak ^'he'^SKslon'pr^^L'Le's' 

By selecting such conditions described ahovp »t =11 t- 
one can obtain crystalline, undrawn ?ibe; tas ali^Tt" 

iaf lTe°rl"lW,°7' "iretringence o? ever 10 and 

inl knoJJ'fJ^fr's'^*'" °' orientation compared to the exist- 

d?a:! 1^ "%Pin'n'i:g°3i!ir:L^?°„ge\°?°oi^^ 
^h^^sr ii? ra?L^^r?,:%^b'°'Vr°" 

the extrusion lineaJ^ee^'^orLL^^ I'^l^ltth^^lr^ZVoly- 

:%L^-""rT""-'""-""^--""t^ 

m/min can be drawn in continnaf i r.n 4.^ over iouu 

drawn in a separate process a?^er f^?st t\kin'g"uo* Vr. 
case of drawing In continuation to t^e sptnniL onJ 
conduct the process by the method of previoSsJ?"p?opoleS- 
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T^^i'°^^'°" 143828 - 1973, Patent Application 88927 - 
thfn'H ^^^^ °^ ^^^^^ ^^^i"^ ^fter the spinnign and 

then drawing, one can conduct the process by the methods of 
previous proposed Patent Application 102040 - 1969 Pa^en? 

^he ■ '^'^2' ^^^^"^ Application 189094 - 19^2 

The latter drawing method is preferred for minimizing the* 
?n distortion in heat treaJmenf Jhus 

in multiple stage drawing, the untreated fiber is preheated' 
d^^ r 0.5 seconds at the temperature of Tgf 15 - ?g+50 

ol^L^^^•^ J? '^ transition tfmperatu?e 

to Jess "an 7l'^^r?h''r.'?^''""' ^'^^^ ^^^^^"^ ^one 
fringence 1 2 ^ ft" ".l^l draw ratio to make the bire- 
rringence 1.2 - 3.3 times that of the undrawn fiber Next 
drlJ^"/ f^rst-stage drawn yarn is given the multiple s?age 
drawing and heat treatment. At this time, if high sgrenJth 

ient''?i;:1inar/''' ^^^^ tJjf refnf of ce- 

peratu^e rfnS^ ^^5^^°" treatment is conducted at the tem- 
perature range of fiber melting temperature-50 deg C to 
melting temperature-110 deg C under a fixed length or under 
W?h'°"H°^ up to 5.0 % of length, preferably at the f^xeS 
length and under a tension of up to 2.5 % for 0 4 - 1 5 
seconds. ■'■•^ 

In the case of using the polyester fiber of this inven- 
tion as the rubber reinforcing cord, it is preferred ?o n<,. 
for example, the following method. In otSer worSs Ihe safd' 
drawn V-n is Joined and twisted such that th^l^lst factor 
IV - 1 . VD (T IS the number of twists per 10 cm D ic; thf^ 

c:rd"and°'tL'%^L'''''H'^°^'^'^ " '''' to mak^ twisted'' 

«nH ^-K u^^^ the adhesive agent treatment 

and then the heat treatment at 235 - 270 deg C At thiJ??.^ 

sion'^r^h'""'' '° r"^"^^ h^^t treatment unSL a te^ 

:^e-e^L'L^3?e^1ot^°cc-ur^^K?- n^"^- ----- 

age S of" '''' °' ^/'^ ^"'^ dry heat sS- 

Ei + S < 4.5 

thus it exhibits high Sodulus and also very low shrinkage. 

ture'o?'l8!5'H^7r^^^i shrinkage is the value at the tempera- 
(5 12^ Tn ^"d,?!^= measured under JIS L 1017 - 1983 

metiod'oJ tMM'°"\'^^ Polyester cord which is due to the 
metnoa ot this invention has a strength of over 5 n s/Ha «r,rt 

anL''^"'^?^^' resistance and much improved latigue iesis?- 
ance in rubber structure in comparison to the existinrrnh^ 
er reinforcing poly ethylene terephthala?e polj^ste^ foJS 



(Examples of Application) 



In the examples of applicatinn i-h« ,.«-4. ■ ^. 
rts. Properties of the tip«;^H A 5 ^^""^^ indicate weight 
llowing methods. treated cord were measured by the 

1017'- l963'(?'4).''°"^'''°" by JIS L 

JlS^flSJy' -'l96r(5'?2)''^ Shrinkage was measured under 
^reill lV,'LTT/,T,Tn t^hellj adh'^'^"^ 

was heat treated for 2 mJnutL !^ J^^esion solution and this 
This treated cord wL bu^^ed ?n f ^ • -"^^^ tension, 

accelerated vulcaniSatio^ ? vulcanizing mold and 

pressure of kg/cm? fo^ T?n ^^"'^"^ted at 170 deg C under a 

treated cord was taken out fnH\T'^f' ^^^^^ ^^i^' ^he 

% or over was taken «2 ^""^ strength was measured. 75 

about 50-60 %) P^ss^ng. (In common PET cord, this is 

Example of Application 1 

parts of antimony trLxidrwLnJarged" lltl ''^^ 
about 4 hours at 165 - 9^0 ^1^%^ ^ ^^^^ heated for 

after this, 0 840 pLts o? ttf, u'''' ^"""^^ "methanol and, 
the reacta^t was traJs?e?L'^?o « n'?"^ ^-^^ ^^^^'^^ ^ext, 

the temperature was raiJed .^Jh1??^"'^!'^^^^°" ^^"^^ 
normal Pressure, reaction wfs oonH ^^!!'^; C under 

at 275 deg C underio mmS/ ^^^J^^ted for 10 minutes and, 
minutes. Then unSef 29? d^/?^ '^^"ducted for 40 

below 0.5 mmSi Pol^mer^.^ff """^^^ reduced pressure 

to Obtain tne^oTyllTiril'^^^^^^^^ ^^-tes 
carboxyl group concentrsi-inn fo ° ,^ encl 



was applied by oiling roller and then the yarn was taken up 
at the speed shown in Table 1. 

The undrawn fiber thus obtained was fed to the roll which 
was heated to 125 deg C and, between the drawing roll heated 
to 195 deg C, the first stage drawing to the draw ratio 
(DRl) shown in Table 1 was conducted ; after this, over a 
heated plate at the temperature of 200 deg C of 60 cm length 
and between the drawing roll heated to 210 deg C, the second 
stage drawing was conducted to a ratio (DR2) shown in Table 
1. After this, it was taken up at 200 m/min through the take 
up roll at room temperature. Performance of the drawn yarn 
obtained was as shown in Table 1. 

With the drawn yarn obtained, the Z twist of 490 /m was 
imparted and two of this yarn were joined and the S twist of 
490 / ra was imparted to make the greige cord of 1000 de x 2 
yarn. This greige cord was dipped in the adhesive agent 
(RFL) solution and heat treatment under tension was conduct- 
ed at 245 deg C for 2 minutes. The properties of this treat- 
ed cord were measured and then the cord was buried in rubber 
and vulcanized to measure the heat resistant strength. The 
results are also shown in Table 1. 

Example of Application 2 

In No. 8 of Example of Application 1, the oil was applied 
after the co,oling and solidification ; then, the yarn was 
taken up at a speed of 3500 m/min. Immediately in continua- 
tion to the spinning, the drawing and heat treatment were 
conducted. Thus, between the take up roll at 3500 m/min and 
the heated roll at 240 deg C, drawing was done to a ratio of 
1.08 by jetting out steam jet heated at 495 deg C ; after 
this, over the above mentioned heated roll, heat treatment 
was done while giving 3% controlled shrinkage. After this, 
taking up was done at 3660 m/min over a cooled roll. The 
performance of the resulting drawn yarn and the performance 
of the cord obtained by the same procedure as in Example of 
Application 1 are shown as Experiment No. 14 in Table 1. 

(For Table 1, see the next page with the following 
translations of the headings). 

Table 1. 

A. Experiment No. ; B. Polymer ; C-E. Cooling condition ; C- 
D. Heated cylinder below the die ; C. Length, mm ; D. Temp- 
erature, deg C ; E. Distance over which cooling air is blown 
out, mm ; F. Take up speed, m/min ; G-I . Undrawn yarn ; G. 
Limiting viscosity ; H. End carboxyl concentration, equiv./ 
/ton; I. Birefringence; J. Drawing condition ; K-Q. Drawn 
yarn ; K. Denier, de; L. Strength, g/de ; M. Elongation, % ; 
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N. 180 deg C dry shrinkage, % ; 0. Crystal melting point, 
deg C ; Q. Birefringence ; R-U . Treated cord ; R. Strength, 
kg ; S. 4.5 kg load elongation, % ; T. 180 deg C dry shrink- 
age, % ; U, Heat resistant strength retension ratio,. % ; 

(Comparative) indicates the comparative example ; 
* indicates outside the performance range. 

Table 1. 
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TEU it pQi ^ ~" 

Polyester fibre used pref . for mfr of^l^^llli^ 2166.312.A 
properties "«xyiaie as repeat unit, aod has defined 

TEIJIN KK 26.12.85.JP.292299 

^ (11.07.87) D01f,06/62 
26.12.86 as 292299 (84KM) 
Fibre consists nf 

naphthalene.2.6-dlcarbo«riate ^ S'". ethylene 

heat shrlnkaee a? iSo'deL C o7i^ °' """"^ ""^ « = I 

higher than 280 deeC^f^, ! "crystal m.pt o' 

index 0.2^32!^ ^ • P°>y"ter fibre has double refracuv J \ 

Sr^^^Z^^^^^^ Of ^or« Jhan 90 of ethylene 

component cinalaC of iSXti^'^f ' "^rj 
•llcarboxyUc acid ^mftio ^ «"<=a'-''oxyUc acid, aUcycUc 
oxybenailc acid ' C^renvlPnf **="^- K'^^^c ' 
hexamethylene glywf nStv,%&'" '^'^r*"'^'^"^ 
compleUon of iZxyml^riXn Z^llt^l o-xylene glycol, before 

or lt3 derlv. and eU^i^»ivcofo?^E?^^*^ 

C87-098018 "VJene glycol or Its derlv. (6pp Dwg.No.0/0) 



